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Abstract 
The originally developed severe plastic deformation process, the compressive torsion process (CTP) was applied to Al-Fe series 
alloys to improve their ductility and waste 7050 alloy chips to reprise their solid phase recycling. In the Al alloys containing Fe 
element, the large precipitates with length of 500~1000 Pm were refined under 20 Pm and dispersed uniformly in the matrix alloy. 
Then the ductility was significantly improved to over 30% elongation from 5% or below before the CTP. In the solid phase 
recycling of waste 7050 alloy chips, the chips can be consolidated into high density bulk alloy with good strength and ductility even 
at lower temperature by the CTP. The consolidation at elevated temperature is suitable for the subsequent heat treatment like 
annealing or solid solution treatment. 
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1. Introduction 
Aluminum alloys are key materials for lightweight 
components in the automobile and aircraft industries. 
Some high performance alloys with high strength and 
toughness have been developed and applied to many 
components. However, further improving in their 
mechanical properties and reducing manufacturing cost 
are desired to expand application of aluminum alloys to 
lightweight components.  
The severe plastic deformation process is very useful 
for improving metallic materials’ characteristics, in 
which very huge strain is applied to metals without 
changing their shapes. In recent decades, several severe 
plastic deformation processes have been developed; 
those are equal channel angular pressing/extrusion 
(ECAP/ ECAE) [1-3], accumulative roll bonding (ARB) 
[4] and high pressure torsion (HPT) [3, 5]. The authors 
have developed a unique severe plastic deformation 
process, that is a compressive torsion process (CTP) [6-
12] in which compressive and shear loadings are applied 
simultaneously to cylindrical specimens. Although this 
process is similar to the high pressure torsion, the CTP 
use very low pressure (several hundred MPa) and can 
apply severe deformation into a bulk cylindrical 
specimen not only thin disc. This process has the great 
advantage of providing severe plastic deformation 
without change in the specimen shape. 
In the present work, the CTP was applied to Al-Fe 
alloys and 7050 aluminum alloy to upgrade their 
performance. For the Al-Fe alloys, second phase 
refinement and subsequent tensile properties were 
investigated. For the 7050 alloy, possibility of a solid 
phase recycling of waste machined chips was 
investigated. 
2. Compressive Torsion Process (CTP) 
Fig. 1 shows a schematic illustration of the facility for 
compressive torsion processing. After placing a 
cylindrical specimen into a container, upper and lower 
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dies move vertically to apply compressive loading and 
simultaneously rotate in the opposite directions to apply 
shear loading. Top of both the dies has a rugged face 
with 1 mm depth so that the torsion loading can be 
successfully imposed on the specimen. These combined 
compressive and torsion loading allows for applying 
severe plastic deformation to the specimen without a 
change of its shape. 
In the CTP, the cylindrical metals are subjected to 
huge shear strain with rotational loading under 
simultaneous compressive loading without changing the 
cylindrical shape. For example, in a cylindrical specimen 
of 40mm in dia. and 10mm in height that is used in the 
present work, the shear strain is around 12 near outer 
side. As the shear loading is applied under hydrostatic 
compressive condition, the CTP is applicable to not only 
bulk metals but also non-continuous metals like powder 
or chips. In the application for the bulk metals, the 
improvement of mechanical properties is possible due to 
the microstructure refinement [9-12]. On the other hand , 
in the application for the powder and chips, they can be 
consolidated easily and densely at low temperature [6-8]. 
In the present work, the CTP was applied to a bulk 
aluminum alloy and machined aluminum chips. 
3. Refinement of aluminum alloy precipitates 
The addition of Fe element to the aluminum alloy is 
useful to improve high temperature strength or wear 
resistance. However, large needle or disk like 
intermetallic precipitates are generated in the as-cast 
ingot Al alloy containing much Fe element.  As a result, 
the ductility and toughness of the alloy become very low 
due to such compounds. In the present work, the 
aluminum as-cast alloys containing Fe and other 
elements were processed by the CTP to investigate 
improving their ductility.  
3.1. Used alloys and process conditions 
Four kinds of aluminum alloy cast ingots containing 
Fe and other elements were used in the experiment; 
those were Al-4wt%Fe, Al-4wt%Fe-20%Si, Al-4wt%Fe-
2%Cu and Al-4wt%Fe-2%Cu-1.5%Mg alloys, whose 
microstructure were shown in Fig. 2. They have all large 
needle or disk like primary precipitates with length or 
diameter of 100~1000 Pm. 
The CTP was carried out under the following process 
conditions; temperature 373 K, compressive pressure 
100 MPa, torsion revolutions 30 times and revolution 
speed 5 rpm. Microstructures on longitudinal cross 
sections of processed specimens were examined by 
optical microscopy. Tensile properties were also 
examined after the CTP using small tensile specimens 
machined from processed cylindrical alloys as shown in 
Fig. 3. 
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Fig.2 Microstructure of as cast alloys  
 (a) Al-4wt%Fe, (b) Al-4wt%Fe-20%Si, (c) Al-4wt%Fe-
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Fig.3 Tensile specimens machined from processed alloys. 
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3.2. Microstructure after processing 
Fig.4 shows microstructures of alloys used after CTP 
at 373K. The large primary precipitates in the cast ingots 
are crushed by the severe plastic flow during the CTP. 
And the fine crushed precipitates are dispersed in the 
matrix alloy by the plastic flow. Such crushing and 
dispersing are repeated during the CTP and result in 
refinement and uniform dispersion of the precipitates. As 
a result, the precipitates of 100~1000 Pm are refined to 
20μm or below under the optimum conditions of the 
CTP. 
3.3. Tensile property after processing 
Fig.5 shows tensile stress-strain curves of alloys used 
before and after the CTP. All as cast alloys have only a 
few percent elongation, and the Al-4wt%Fe-20%Si 
shows no plastic strain. The poor ductility of all alloys 
was remarkably improved by the CTP as well as their 
strength. They were increased 5 to 8 times in total 
elongation and around 1.3 times in tensile strength. Thus 
it was concluded that the CTP is very effective in 
refining and dispersing precipitates and improving the 
ductility of Al alloys with large primary precipitates. It 
suggests the processed alloys could be forged to 
complex shape components. 
4. Solid state recycling of waste machine chips 
The 7050 aluminum alloy is generally used for 
machined aircraft components. In the machining process, 
raw alloys over 90% were put on the scrap heap as waste 
machined chips and unused alloys. These wastes and 
unused alloys are recycled by a re-melting process. 
However, as the special alloy elements like Zn are added 
to the 7000 series alloys, it’s difficult to re-melt together 
with other series aluminum alloys. In the present work, 
the solid phase recycling was investigated for the 7050 
alloy waste machined chips by the CTP. 
4.1. Used alloys and process conditions 
Waste machined chips of a 7050 aluminum alloy 
were used in the experiment. Before the CTP, the chips 
were pre-compacted with uniaxial compression of 700 
MPa into a cylindrical specimen of 40 mm diameter and 
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Fig.4 Microstructure of CTPed alloys  
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Fig.6 Appearances of (a) machined chips, (b) pre-
compacted chips and (c) consolidated billet. 
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around 12 mm height at room temperature after ethanol 
degreasing. The CTP was performed at different rotation 
numbers of 10 to 50 times and processing temperatures 
of 373K to 743K. Fig.6 shows the appearances of the 
waste chips, pre-compacted and CTPed specimens. 
Microstructures on longitudinal cross sections of 
CTPed specimens were examined by optical microscopy. 
Tensile properties were also examined after CTP using 
small tensile specimens machined from consolidated 
cylindrical alloys as shown in Fig. 3. 
4.2. Consolidation of waste chips 
 Fig.7 shows optical micrographs of the cross sections 
of specimens processed at 473K. Micrographs were 
taken on the three observation points along the radius of 
the specimen. Chips boundaries or some voids were 
observed in the inner parts of the specimens processed 
with 10 rotation times. However, those chips boundaries 
disappeared with increasing rotation number even near 
the rotation axis in which the shear strain would be small 
geometrically. Microstructure without clear chips 
boundaries and high relative density of around 98% were 
obtained in whole specimen over 30 rotation times at 
every processing temperature from 373K to 743K. It 
could be mentioned that the consolidation of waste chips 
has been successfully performed under such process 
conditions. 
4.3. Tensile property of recycled alloy 
The consolidated alloys were examined regarding 
their tensile properties as consolidated billet. 
Furthermore their heat treatment properties were also 
examined in annealing, solution and aging treatment.     
Fig.8 shows tensile stress-strain curves of various 
specimens as consolidated and subsequently heat treated. 
As a reference, the tensile strength and elongation of a 
non-recycled bulk alloy would be around 220MPa and 
over 20% after annealing and around 560MPa and 10% 
after T6 tempering respectively.  
All specimens consolidated at different temperatures 
had sufficient tensile properties of strength over 300MPa 
and elongation over 10%. Lots of minute dimples were 
found in fracture surfaces of tensile specimens, 
exhibiting typical ductile fracture due to micro void 
coalescence. Therefore, it can be resulted that sufficient 
consolidation was performed in solid state by the CTP 
even at lower temperature. The tensile strength and 
elongation were different in the billets consolidated at 
373K and 743K. The tensile property is affected by not 
only bonding situation among chips but also 
microstructure like grains and precipitations. The larger 
strength and smaller elongation of the specimen 
processed at 743K might be owing to the age hardening 
during or after consolidation. 
Although the sufficient consolidation was performed 
in solid phase recycling even at lower process 
temperature as above mentioned, some large pores were 
generated during subsequent heating in the specimen 
consolidated at lower temperature. Some air might be 
trapped and closed in the specimen during consolidating 
at lower temperature. However, consolidating at high 
temperature and hot pressing prior to the CTP were 
useful to reduce those pores. Both the tensile strength 
and elongation were decreased by annealing after 
consolidation. With subsequent heat treatment of T6 
temper, the strength was increased significantly; while 
the elongation of several percent was also obtained. 
The solid recycled alloy with a desirable balance of 
strength and elongation was successfully obtained by a 
inner outer
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combination of suitable process conditions in the CTP 
and subsequent heat treatment. However, the elongation 
of the recycled alloy is inferior to the non-recycled alloy, 
though the strength is equivalent as that. Further 
optimizing process conditions are required to put this 
process to practical use. 
5. Summary 
The originally developed severe plastic deformation 
process, the compressive torsion process (CTP) was 
applied to a bulk aluminum alloy including large 
intermetallic precipitates and waste 7050 alloy chips to 
upgrade their performance.  
In the Al alloys added Fe and other elements, the 
large precipitates with length of 100~1000 Pm were 
refined under 20 Pm and dispersed uniformly in the 
matrix alloy by the CTP. Then the ductility was 
significantly improved to over 30% elongation from 5% 
or below before the CTP.  
In the solid phase recycling of waste 7050 alloy chips, 
the chips can be consolidated into high density bulk 
alloy with good strength and ductility even at lower 
temperature by the CTP. The consolidation at higher 
temperature is suitable for the subsequent heat treatment 
like annealing or solid solution treatment. A recycled 
aluminum alloy with a desirable balance of strength and 
elongation was successfully obtained by the CTP. 
References 
[1] V.M. Segal: Mater. Sci. Eng. A, 197 (1995), 157-164. 
[2]  Z. Horita, T. Fujinami, M. Nemoto, T.G. Langdon: Journal of 
Materials Processing Technology, 117 (2001), 288-292. 
[3] R.Z. Valiev, R.K. Islamgaliev, I.V. Alexandrov: Progress in 
Materials Science, 45 (2000), 103-189 
[4] Y. Saito, H. Utsunomiya, N. Tsuji, T. Sakai: Acta Materialia, 47 
(1999), 579-583. 
[5] G. Sakai, Z. Horita, T. G. Langdon: Mater. Sci. Eng. A, 393 
(2005), 344-351. 
[6] N. Kanetale, E. Maeda, T. Choh: Proc. PTM’93, (1993), 491-496. 
[7] E. Maeda, N. Kanetake, T. Choh: Journal of the JSTP, 37-431 
(1996), 1291-1296. 
[8] S. Tsuda, M. Kobashi, N. Kanetake: Materials Transactions, 47-9 
(2006), 2125-2130. 
[9] Y. Kume, M. Kobashi, N. Kanetake: Materials Science Forum, 
519-521 (2006), 1441-1446. 
[10] S. Tahara, Y. Kume, M. Kobashi, N. Kanetake: Advanced 
Materials Research, 26-28 (2007) , 133-136. 
[11] Y. Kume, M. Kobashi, N. Kanetake: Advanced Materials 
Research, 26-28 (2007), 107-110.  
[12] Y. Kume, M. Kobashi, N. Kanetake: Steel Research Int., 81-
9(2010), 270-273. 
 
 
